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A coated substrate which includes a first and second layer. The first layer has first and second surfaces. For example, the first layer 
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SUBSTRATE POR INK JET PRINTING HAVING 
A MONOLAYER INK-RECEPTIVE COATING 

Background of the Invention 

•5 

The present invention relates to a coated substrate. 
Ink jet printing is an important printing technology 
capable of producing full-color, high quality images at high 
speed and low cost. For example, ink jet printing is capable 
10 of producing a full-color hard copy of computer-generated 
drawings or graphics. Consequently, ink jet printing is a 
rapidly growing technology which is gaining acceptance in 
general use. Ink jet printing also is expanding into wide 
format printing to produce large prints and banners. 
15 Current ink jet printing technology involves forcing ink 

drops through small nozzles by piezoelectric pressure or by 
oscillation onto the surface of a substrate. An aqueous ink 
of low viscosity consisting of direct dyes or acid dyes is 
commonly used in ink jet printing. Once applied to a 
20 substrate, the ink droplet ideally will dry in the shape of 
a perfect circle, forming a single dot. The ink droplet needs 
to dry quickly without migrating into the surrounding area 
which would result in blurred or fuzzy printing. This 
migration of an ink droplet is called "feathering" or 
25 "bleeding". Therefore, the surface of the substrate should 
be very absorbent to facilitate rapid drying of the ink. 

There are a large number of references which relate to 
ink jet printable substrates. The typical substrate is a 
paper or other material having an ink-receptive coating. The 
30 coating typically includes one or more pigments and a binder. 
Pigments which have been used, alone or in combination, 
include, by way of illustration only, silica; clay; calcium 
carbonate; talc; barium sulfate; diatomaceous earth; titanium 
dioxide; cation-modified non-spherical colloidal silica, in 
35 which the modifying agent is aluminum oxide, hydrous zirconium 
oxide, or hydrous tin oxide; calcium carbonate-compounded 
silica; prismatic orthorhombic aragonite calcium carbonate; 
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alumina; aluminum silicate; calcium silicate; kaolin; 
magnesium silicate; magnesium oxalate; magnesium-calcium 
carbonate; magnesium oxide; magnesium hydroxide; high- 
swelling montmorillonite clay; amorphous silica particles 
5 having a coating of a Group II metal; synthetic silica; and 
micro-powder silica. In some instances, the pigment may have 
certain defined requirements, such as particle diameter, oil 
absorption, surface area, water absorption, refractive index, 
and solubility in water. 

10 Various binders have been employed to form the ink- 

receptive coating. Examples of such binders include, again 
by way of illustration only, a mixture of esterified starch 
and a water-insoluble cationic polymer; an epoxy resin and a 
thermoplastic resin; acrylic resins and other water-soluble 

15 polymers; a mixture of an alkylquaternaryammonium (meth)acryl- 
ate polymer and an alkylquaternaryammonium (meth) acrylamide 
polymer; poly(vinyl alcohol); a mixture of an acrylic resin 
and poly (vinyl alcohol); polyvinylpyrrolidone or vinylpyr- 
rolidone-vinyl acetate copolymer or mixture thereof; an amine 

20 salt of a carboxylated acrylic resin; oxidized or esterified 
starch; derivatized cellulose; casein; gelatin; soybean 
protein; styrene-maleic anhydride resin or derivative thereof; 
styrene-butadiene latex; and poly (vinyl acetate). 

Additional materials have been included in the ink- 

25 receptive layer, such as a cationic polymer. Moreover, two 
or more layers have been employed to form the ink-receptive 
coating. 

Notwithstanding the improvements which have been made in 
substrates for ink jet printing, there is an opportunity for 
30 providing a high quality printed image on a substrate that is 
water resistant. 

Summary of the Invention 

35 The present invention addresses some of the difficulties 

and problems discussed above by providing an ink jet printable 
coated substrate which is particularly useful with colored 

- 2 - 



WO 97/01448 PCT/DS96/10939 

water-based ink jet inks. The coated substrate of the present 
invention gives sharp prints of brilliant color without 
feathering. In addition, the printed images will not bleed 
when exposed to moisture or water. 
5 The coated substrate of the present invention includes 

a first and second layer. The first layer has first and 
second surfaces. For example, the first layer may be a film 
or a nonwoven web. Desirably, the first layer will be a 
cellulosic nonwoven web. The second layer overlays the first 
10 surface of the first layer. The second layer is composed of 
from about 20 to about 60 percent by weight of a latex binder, 
from about 20 to about 80 percent by weight of a hydrophil- 
ic silica, from about 1 to about 12 percent by weight of a 
cat ionic polymer, and from about 0.5 to about 5 percent by 
15 weight of a surfactant, in which all percent s by weight are 
based on the total dry weight of the second layer. 

The second layer will have a pH of from about 2 to about 
6. In addition, the hydrophilic silica generally will have 
an average particle size no greater than about 20 micrometers. 
20 For example, the average particle size of the hydrophilic 
silica typically will be from about 1 to about 20 micrometers. 
In addition, the hydrophilic silica generally will have a pore 
volume greater than 0.4 cubic centimeters per gram (cc/g) . 
As an example, the pore volume of the hydrophilic silica may 
25 be from about 1 to about 2 cc/g. 

If desired, a third layer may overlay the second surface 
of the first layer. For example, such a layer may be what 
often is referred to in the papermaking art as a backsize 
layer. As another example, the third layer may be a tie coat, 
30 i.e. , a coating designed to bind a pressure-sensitive adhesive 
to the second surface of the second layer. Alternatively, the 
third layer itself may be a pressure-sensitive adhesive. When 
the third layer is a tie coat, a fifth layer consisting of a 
pressure-sensitive adhesive and overlaying the third layer 
35 also may be present. 

Moreover, a fourth layer may be present between the first 
surface of the first layer and the second layer. An example 
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amine, a quaternary polycationic synthetic organic polymer, 
or the like. 

The term "hydrophilic silica" is used herein to mean any 
amorphous hygroscopic silica having a hydrophilic surface. 
5 The hydrophilic surface may be the natural hydrophilic surface 
characteristic of silica. For example, the silica may be a 
fumed silica or a precipitated silica. The silica surface may 
be modified, if desired, provided the modifying agent is 
hydrophilic. As another example, the silica may be a 
10 naturally occurring silica,, such as a diatomaceous earth. An 
example of a diatomaceous earth silica is Celite® 321 
(Manville Products Corporation, Denver, Colorado) . m 
general, the average particle size of the silica will be no 
greater than about 20 micrometers. As practical matter, the 
15 average particle size of the silica typically will be in a 
range of from about 1 to about 20 micrometers. For example, 
the average particle size may be from about 2 to about 13 
micrometers. As another example, the average particle size 
may be from about 3 to about 9 micrometers. 
20 As used herein, the term "surfactant" has its usual 

meaning. In general, the surfactant may be a nonionic or a 
cationic surfactant. Desirably, the surfactant will be a 
nonionic surfactant, such as an alkylaryl polyether. For 
example, the surfactant may be a pblyethoxylated alkylphenol. 
25 The coated substrate of the present invention includes 

a first layer and second layer. The first layer has first and 
second surfaces. For example, the first layer may be a film 
or a nonwoven web. Desirably, the first layer will be a 
cellulosic nonwoven web. For example, the first layer may 
30 be a polymer-reinforced paper, sometimes referred to as a 
latex- impregnated paper. As another example, the first layer 
may be a bond paper, i.e., a paper composed of wood pulp 
fibers and cotton fibers. The basis weight of the first layer 
typically will vary from about 40 to about 300 grams per 
35 square meter (gsm) . For example, the basis weight of the 
first layer may be from about 50 to about 250 gsm. As a 
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further example, the basis weight of the first layer may be 
from about 50 to about 200 gsm. 

The second layer overlays the first surface of the first 
layer. As stated earlier, the second layer is composed of a 
5 latex binder, a hydrophilic silica, a cationic polymer, and 
a surfactant. 

In general, the amount of latex binder may be from about 
20 to about 60 percent by weight. For example, the amount 
of latex binder may be from about 25 to about 40 percent by 
10 weight. As another example, the amount of latex binder may 
be from about 25 to about 35 percent by weight. As already 
noted, the latex binder may be, by way of illustration only, 
a polyacrylate, styrene-butadiene copolymer, ethylene-vinyl 
acetate copolymer, nitrile rubber, poly (vinyl chloride), 
15 poly (vinyl acetate), ethylene-acrylate copolymer, or vinyl 
acetate-acrylate copolymer. Ethylene-vinyl acetate copolymers 
have been found to be particularly useful as binders. 

The amount of hydrophilic silica present in the second 
layer typically will be from about 20 to about 80 percent by 
20 weight. By way of example, the amount of hydrophilic silica 
may be from about 30 to about 70 percent by weight. As 
another example, the amount of hydrophilic silica may be from 
about 50 to about 70 percent by weight. 

The hydrophilic silica generally will have an average 
25 particle size no greater than about 20 micrometers and a pore 
volume greater than 0.4 cc/g. As an example, the average 
particle size may be from about 1 to about 20 micrometers. 
As another example, the average particle size may be from 
about 2 to about 13 micrometers. As an additional example, 
30 the average particle size of the hydrophilic silica may be 
from about 3 to about 9 micrometers. Also by way of example, 
the pore volume may be from about 1.2 to about 1.9 cc/g. As 
a further example, the pore volume may be from about 1.2 to 
about 1.7 cc/g. 

35 The second layer also will contain from about 1 to about 

12 percent by weight of a cationic polymer. For example, the 
amount of cationic polymer may be from about 2 to about 8 
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percent by weight. As another example, the amount of cationic 
polymer may be from about 3 to about 6 percent by weight. 
Cationic amine-epichlorohydrin copolymers and quaternary 
polycationic polymers have been found to be especially useful. 
5 The latter- type of polymers appear to give slightly better 
water resistance than the former. 

Finally, the second layer will contain from about 0.5 to 
about 5 percent by weight of a surfactant. For example, the 
amount of surfactant may be from about 1 to about 4 percent 
10 by weight. , As another example, the amount of surfactant may 
be from about 1 to about 3 percent by weight. Desirably, the 
surfactant will be a nonionic surfactant. For example, the 
nonionic surfactant may be a polyethoxylated alkylphenol. 

The thickness of the second layer typically will be in 
15 a range of from about 10 to about 50 micrometers . For 
example, the thickness of the second layer may be from about 
15 to about 45 micrometers. As another example, the thickness 
of the second layer may be from about 20 to about 40 micro- 
meters. However, thinner or thicker second layers may be 
20 employed, if desired. 

The second layer generally is formed on the first surface 
of the first layer by means which are well known to those 
having ordinary skill in the art. By way of illustration 
only, the layer may be formed by doctor blade; air knife; 
25 Meyer rod; roll, reverse roll, and gravure coaters; brush 
applicator; or spraying. The second layer typically will be 
formed from a dispersion. The dispersion generally will have 
a viscosity of from about 0.005 to about l Pa s (5 to 1,000 
centipoise) as measured with a Brookfield Viscometer, Model 
30 LVT, using a No. 2 spindle at 30 rpm (Brookfield Engineering 
Laboratories, Inc., Stoughton, Massachusetts). For example, 
the dispersion may have a viscosity of from about 0.01 to 
about 0.5 Pa s (10 to 500 centipoise). As a further example, 
the dispersion may have a viscosity of from about 0.03 to 
35 about 0.25 Pa s (30 to 250 centipoise). 

In some embodiments, a third layer may be present; such 
layer will overlay the second surface of the first layer. The 
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layer may be, by way of illustration, a backsize coating. 
Such a coating generally consists essentially of a binder and 
clay. For example, the binder may be a polyacrylate, such as 
Rhoplex HA-16 (Rohm and Haas Company, Philadelphia, Pennsyl- 
5 vania). As another example, the clay may be Ultrawhite 90 
(Englehard, Charlotte, North Carolina) . A typical formulation 
would include the two materials in amounts of 579.7 parts by 
weight and 228*6 parts by weight, respectively. Water and/or 
a thickening agent will be added as necessary to give a final 
10 dispersion viscosity in the range of 0.100-0.140 Pa s (100- 
140 centipoise) at ambient temperature. 

Also by way of illustration, the third layer may be a 
tie coat, i.e., a coating designed to bind a pressure- 
sensitive adhesive to the second surface of the first layer. 
A typical tie coat consists of a polyacrylate binder, clay, 
and silica. Alternatively, the third layer itself may be a 
pressure-sensitive adhesive. For example, a pressure- 
sensitive adhesive layer may consist of a styrene-butadiene 
copolymer, a poly (vinyl acetate), or a natural rubber. A 
pressure-sensitive adhesive layer typically will be present 
at a basis weight of from about 10 to about 40 gsm. When the 
third layer is a tie coat, a fifth layer consisting of a 
pressure-sensitive adhesive and overlaying the third layer 
also may be present. 

25 m addition to or in place of the third layer, a fourth 

layer may be present . The fourth layer usually will be 
located between the first and second layers. The fourth layer 
typically will be formed from a dispersion consisting of, by 
way of example only, 208 parts by weight of Hycar* 26084 (B. 
30 F. Goodrich Company, Cleveland, Ohio), a polyacrylate 
dispersion having a solids content of 50 percent by weight 
(104 parts dry weight), 580 parts by weight of a clay 
dispersion having a solids content of 69 percent by weight 
(400 parts dry weight), and 100 parts by weight of water. 
Additional water and/or a thickening agent may be added as 
necessary to give a final dispersion viscosity in the range 
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of 0.100-0.140 Pa s (100-140 centipoise) at ambient tempera- 
ture. 

The present invention is further described by the 
examples which follow. Such examples, however, are not to be 
5 construed as limiting in any way either the spirit or the 
scope of the present invention. 

In the examples, all ink jet printing evaluations were 
done using a Desk Jet 550 C color ink jet printer, Model 
C2121A, from Hewlett Packard Company, Camas, Washington. Two 
10 different test patterns were used to evaluate print sharpness, 
rate of ink drying, brilliance of color, and water resistance 
of the printed image. The first test pattern consisted of 
black fonts and a large solid-printed "C" (4.6 cm by 4,8 cm). 
The pattern was used to evaluate print coverage and evenness 
15 of ink application. The large printed area also allowed 
drying time comparisons. The second test pattern involved a 
four-color graphic print with large areas of red, green, blue, 
and yellow. This test pattern was used to evaluate the water 
resistance of the color prints. 
20 Print quality testing consisted of three parts. First, 

ink absorption was estimated by printing characters in colored 
ink over one another. The printed area was rubbed with- a 
finger and the degree of ink smearing was judged visually. 
The rate at which the printed sheet dried also was observed 
25 and recorded. Second, dot sharpness was determined by 
observing ink dots under a light microscope and observing 
smudging of the edge of the dot. Third, feathering was 
determined by observing diffusion of the ink into the 
substrate away from the dot by means of an 8 -power magnif ica- 
30 tion loop. 

Coating adhesion was estimated by applying a strip of 
clear adhesive tape to the coated unprinted surface and 
applying fingertip pressure to the entire surface of the tape. 
The tape then was rapidly removed with a jerking motion. The 
35 amount of coating adhering to the tape surface was compared 
to other coated papers. Lower amounts of coating adhering to 
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the tape were indicative of stronger adhesion of the coating 
to the substrate surface. 

Finally, water resistance was estimated by two methods. 
First, a drop of tap water was applied to the printed area and 
5 allowed to remain on the printed area for 3 to 5 seconds. The 
drop then was blotted and wiped away using Kleenex* tissue. 
The degree of smearing on the printed sheet was observed, as 
well as the amount of color transferred to the tissue. Each 
color was tested separately and evaluated. Second, the 
10 printed sheet was held under running tap water. The printed 
sheet was then blotted dry as described above and observed for 
color bleeding into adjacent areas as well as color transfer 
to the tissue. 
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A polypropylene synthetic printing paper, Kimdura® FPG- 
110 Synthetic Printing Paper from Kimberly-Clark Corporation, 
Roswell, Georgia, was used as the base substrate or first 

20 layer. One side of the synthetic paper was coated with a 
composition consisting of 62 percent by weight (loo parts by 
weight) of a silica having an average particle size of 7.5 
micrometers and a pore volume of 1.2 cc/g (Syloid 74X3500, W. 
R. Grace Company, Baltimore, Maryland) , 31 percent by weight 

25 (50 parts by weight) latex binder (Airflex® 140, a vinyl 
acetate-ethylene copolymer available from Air Products, 
Allentown, Pennsylvania), 3 percent by weight (4.5 parts by 
weight) of a nonionic surfactant (Triton® X-405, a polyethoxy- 
lated octylphenol available from Union Carbide Corporation, 

30 Danbury, Connecticut), and 4 percent by weight (4 parts by 
weight) of a cationic polymer, an amide-epichlorohydrin 
copolymer (Reten 204LS supplied by Hercules Inc., Wilmington, 
Delaware) . The resulting composition had a solids content of 
28 percent by weight. The composition was applied at a basis 

35 weight of 17 grams per sguare meter (gsm) using a Meyer Rod 
and, upon drying, formed the second layer. 
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The coated substrate was evaluated for print quality, 
coating adhesion and water resistance as described earlier. 
The printed sheet had good ink absorption and dried rapidly. 
Dot sharpness was good and no feathering was observed. The 
5 sheet also had good coating adhesion. In the water resistance 
tests, the, printed sheet had only slight smearing and slight 
color transfer. 

Example 2 

10 , 

The procedure of Example 1 was repeated, except that the 
cationic polymer was a quaternary polycation synthetic organic 
polymer, Calgon 261 LV (Calgon Corporation, Pittsburgh, 
Pennsylvania) . Print testing and adhesion results were the 

15 same as reported in Example 1, except that, in the water 
resistance tests, no smearing or color transfer were observed. 

Example 3 

20 The procedure of Example 1 was repeated, except that the 

first layer was an untreated cellulose web (30-lb. bond paper 
from Neenah Paper, a division of Kimberly-Clark Corporation, 
Neenah, Wisconsin). Print testing, second layer adhesion, and 
water resistance were the same as in Example 1. 

25 

Example 4 

The procedure of Example 1 was repeated, except that 
first layer was a latex-saturated cellulose web. The web was 

30 formed from a blend of 89 percent by weight northern softwood 
pulp and 11 percent by weight of cedar pulp and had a basis 
weight of 54 gsm. The web was saturated with 18 parts of an 
acrylic latex per 100 parts of pulp on a dry weight basis. 
Print testing, adhesion, and water resistance were the same 

35 as in Example 1. 
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Example 5 

One hundred parts by weight (64 percent by weight) of a 
calcium-modified silica pigment with an average particle size 
5 of 7.5 micrometers and a pore volume of 1.2 cc/g (SMR 3-729, 
W. R. Grace Company, Baltimore, Maryland), 50 parts by weight 
(32 percent by weight) of a cat ionic latex binder, a clay- 
reactive acrylic dispersion (Rhoplex P554 , Rohm & Haas 
Company, Philadelphia, Pennsylvania), 4.5 parts by weight (3 

10 percent by weight) of Triton® 405 surfactant, and 1 part of 
a modified cellulose viscosity modifier (Methocel 15A, Dow 
Chemical, Midland, Michigan) were blended together to give a 
coating composition containing 23 percent by weight solids. 
Kimdura® FPG-110 was coated with the composition and 

15 tested as described in Example 1. The coated substrate showed 
very poor ink absorption and poor dot sharpness. Feathering 
was moderate. Coating adhesion was good, but water resistance 
was poor with moderate smearing and excessive color transfer 
to the tissue. 

20 

Example 6 

The procedure of Example 5 was repeated, except that half 
(50 parts by weight) of the silica was replaced with the 
25 silica employed in Example 1. The resulting composition 
contained 33 percent by weight solids. The coated substrate 
had poor print quality and no water resistance. 

Example 7 

30 

The procedure of Example 1 was repeated, except that the 
binder employed was Airflex® 125, an anionic vinyl acetate- 
ethylene copolymer (Air Products) . The coated substrate had 
good print quality, but the water resistance testing showed 
35 slight smearing and slight color transfer. 
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Example 8 

The procedure of Example 1 was repeated, except that the 
amount of cationic polymer was reduced to 5 parts by weight 
5 (3 percent by weight) . The coated substrate had good print 
quality and coating adhesion, but the water resistance testing 
showed slight smearing and slight color transfer. 

Example 9 

10 

The procedure of Example 1 was repeated, except that the 
amount of cationic polymer was reduced to 3 parts by weight 
(2 percent by weight) . The coated substrate had good print 
quality and coating adhesion, but the water resistance testing 
15 showed moderate smearing and excessive color transfer. 

Example 10 

The procedure of Example 1 was repeated, except that the 
20 binder employed was a nonionic acrylic latex binder (Rhoplex® 
B-15P, Rohm & Haas Company), The composition coagulated aind 
could not be used to coat the first layer. 

Example 11 

25 

The procedure of Example 1 was repeated, except that the 
surfactant was replaced with Triton® X-100, a polyethoxylated 
octylphenol (Union Carbide Corporation) . The resulting 
composition was too viscous for coating the substrate with a 
30 Meyer rod. 

Example 12 

The procedure of Example 1 was repeated, except that the 
35 surfactant was replaced with Triton® CF-10, a nonionic 
alkylaryl polyether (Union Carbide Corporation) . The 
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resulting composition was too viscous for coating the 
substrate with a Meyer rod. 

Example 13 

5 • 

The procedure of Example 11 was repeated, except that the 
amount of Triton® CF-10 surfactant was reduced to 3 parts by 
weight (2 percent by weight) . The coated substrate had good 
print quality and good coating adhesion. Water resistance 
10 testing showed no smearing and only very slight color 
transfer. 

Example 14 

15 The procedure of Example 1 was repeated, except that the 

amount of surfactant was reduced to 3 parts by weight (2 
percent by weight) . The coated substrate had good print 
quality and good coating adhesion. Water resistance testing 
showed no smearing and no color transfer. 

20 While the specification has been described in detail with 

respect to specific embodiments thereof, it will be appreci- 
ated that those skilled in the art, upon attaining an 
understanding of the foregoing, may readily conceive of 
alterations to, variations of, and equivalents to these 

25 embodiments. Accordingly, the scope of the present invention 
should be assessed as that of the appended claims and any 
equivalents thereto. 
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1. A coated substrate comprising: 
a first layer having first and second surfaces; and 
a second layer overlaying the first surface of the first 
layer, which second layer is comprised of: 
5 an effective amount of a latex binder; 

an effective amount of a hydrophilic silica; 
an effective amount of a cationic polymer; and 
an effective amount of a surfactant; 
in which the second layer has a pH of from about 2 to about 
10 6. 

2. The coated substrate of claim i, in which the 
amount of latex binder in the second layer is from about 20 
to about 60 percent by weight, based on the total dry weight 
of the second layer. 

3. The coated substrate of claim 2, in which the 
amount of latex binder in the second layer is from about 

25 to about 40 percent by weight. 

4. The coated substrate of claim 1, in which the 
amount of hydrophilic silica in the second layer is from 
about 20 to about 80 percent by weight, based on the total 
dry weight of the second layer. 

5. The coated substrate of claim 4, in which the 
amount of hydrophilic silica in the second layer is from 
about 30 to about 70 percent by weight. 

6. The coated substrate of claim 1, in which the 
amount of cationic polymer in the second layer is from about 
1 to about 12 percent by weight, based on the total dry 
weight of the second layer. 
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7. The coated substrate of claim 6, in which the 
amount of cationic polymer in the second layer is from about 
2 to about 8 percent by weight. 

8. The coated substrate of claim 1, in which the 
amount of surfactant in the second layer is from about 0.5 to 
about 5 percent by weight, based on the total dry weight of 
the second layer. 

9. The coated substrate of claim 8, in which the 
amount of surfactant in the second layer is from about 1 to 
about 4 percent by weight. 

10. The coated substrate of claim l, in which the 
hydrophilic silica has an average particle size no greater 
than about 20 micrometers. 

11. The coated substrate of claim 10, in which the 
hydrophilic silica has an average particle size of from about 

1 to about 20 micrometers. 

12. The coated substrate of claim 10, in which the 
hydrophilic silica has an average particle size of from about 

2 to about 13 micrometers. 

13. The coated substrate of claim l, in which the 
hydrophilic silica has a pore volume greater than 0.4 cc/g. 

14. The coated substrate of claim 13, in which the 
hydrophilic silica has a pore volume of from about 1 to about 
1.9 cc/g. 

15. The coated substrate of claim 1, in which the first 
layer is a film or a nonwoven web. 

16. The coated substrate of claim 15, in which the 
first layer is a cellulosic nonwoven web. 
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